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Introduction
Firms require working capital to overcome the time mismatch between payments and income, which introduces working capital finance as a complementary channel to connect the real and financial sectors. Having considered the size 1 and the role of working capital loans in the continuity of the firm's activities, we would expect that the rate, size and ease of access of these loans have significant impact on production. This channel is specifically observable during widespread changes in loan conditions, e.g. credit contractions when the production level of the firms with higher working capital requirement (WCR) declines more strongly and persistently.
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The main reported mechanism activated by WCR is the change of the inputs' relative price. The interest rate of working capital loan and the shadow price of credit for constrained firms are two main sources that affect both the composition of inputs and the level of production. The common assumption in the current literature is that, firms are certain about their WCR. This is in spite of the fact that determinants of the firms' cash inflows and outflows, e.g. unexpected changes in prices, trade credit conditions, and production process, alter the realized WCR. To the best of our knowledge, none of the theoretical and empirical aspects of the real consequences of uncertainty about working capital has been studied yet. While the main part of the literature emphasizes the first order impacts of working capital requirement activated by changes in the relative price of inputs, this paper concentrates on the real consequences of variations in the first and second moments of WCR when there are financial frictions.
We introduce a complementary mechanism through which uncertainty about WCR affects production in association with financial frictions. We argue that not only the quantity and composition of inputs vary due to the firm's requirement for prepayments, but also the capacity utilization at the firm level, and subsequently the productivity at the aggregate level are affected by WCR. In our model, where firms choose the prepaid factor under uncertainty about WCR, they may confront credit ceiling. This activates the following two mechanisms, which influence firms' decisions about hiring inputs and production: first, the probability of being financially constrained which lowers the ex-ante hired level of firms' non-prepaid inputs and consequently their production through the uncertainty effect. This is specifically observable during deterioration of the financial market efficiencies and higher working capital uncertainties (WCU). The mentioned
Theoretical model
The setup that we develop in this section highlights channels through which uncertainty about working capital requirement transmits to the real economy in the presence of incomplete financial markets. To this end, we build a model where heterogeneous firms face incomplete information about WCR. We then investigate the real effects of changes in financial market conditions and information content of WCR.
Consider an economy comprised of a representative bank and a continuum of competitive firms along the unit interval. Firms are risk-neutral and have no access to savings and internal finance resources. They own a Cobb-Douglas technology with decreasing return to scale 1 and two inputs of production, one, for example, labor (ℎ), as a prepaid input with price , and capital ( ) as a non-prepaid input with price . Firms are price-takers in both input markets.
2
The requirement for working capital originates from a time mismatch between firms' payments and revenues, which consists of the time period to access inputs, produce, sale, and receive the receivables minus the time period to pay for the payables. To model WCR, we match this time interval with the share of inputs' prepayments. As an example, a 2-month time interval for a firm is equal to a necessity for prepayment of one-sixth of its costs. Consequently, events that unexpectedly change the timing and values of cash inflows and outflows, variation in prices, trade credit contracts, and the production process are sources of change in WCR and WCU.
The variation in WCR is ex-post to hiring some of the inputs like capital, including machinery and buildings, considered as non-prepaid inputs in the model. By naming them as non-prepaid, we mean that payments for these inputs are not influenced by changes in the WCR. However, the unexpected changes in WCR influence a firm's decision about those inputs, which are recruited gradually during the production process, for example, labor and raw materials. Firms with limited access to finance to enable operating at full capacity decrease their capital utilization, hoard their employed human capital, and slacken their hiring of new employment and purchases of raw materials. These inputs are considered as being prepaid. For simplicity to follow the model, we label the first category as capital and the second as labor.
Working capital as the only source of ex-ante heterogeneity across firms is demanded because a part of the wage bill must be paid prior to the revenue realization. Thus, firm finances the prepaid portion of wage bill ( ) by external funds. Since is unknown at the onset of the inputs' market, it acts as an idiosyncratic shock with a commonly known cumulative distribution function, ( ).
To finance working capital, firms borrow intra-period loans from the bank. To highlight the underutilization effect, we eliminate the direct impact of interest rates on the relative price of inputs 1 ; and like Jermann and Quadrini (2012) , we assume that loans are interest-free. The bank has unlimited access to external funds and confronts no borrowing constraint. Owning to financial frictions caused by the probability of default, illiquidity of collaterals, or regulations on loan to value ratio, the ability to borrow is restricted by the limited enforceability of debt contracts.
Therefore, the firms must provide collateral in the form of current period output 2 .
The fraction of output that a bank accepts as collateral (0 ≤ ≤ 1) represents credit market efficiencies. Thus, is a parameter that governs the strength of the borrowing constraint. Various values of embodies degrees of efficiency of the financial markets, e.g., = 1 refers to a perfect financial market, and = 0 indicates the case where it is completely shut down. Consequently, unexpected changes in represent shocks in financial market conditions.
At the beginning of each period, firms have common knowledge about the input prices ( and ), aggregate technology level ( ), degree of efficiency in the financial market ( ), and cumulative distribution function of WCR, ( ).
FIGURE 1: TIMING OF THE EVENTS Figure 1 depicts the sequence of events for each firm. Using mentioned information, firm i hires capital 1 , which specifies the production capacity. After closing the capital market, it then observes the realized value of WCR, , and the demands for loan and labor 2 . The hired level of capital is not adjustable because of capital market closeness. The firm borrows working capital (minimum of required and available), pays the prepayment to labor, produces output, receives income, and lastly pays the rest of the labor cost, capital rent, bank loan, and dividend.
Firm solves problem 1:
Since the price of the production is normalized to one, ℎ and represent the real wage bill and capital rent. Furthermore, ℎ and ℎ represent the demand for the working capital loan and credit ceiling, respectively.
However, a cut-off value for working capital requirement ( ̅ ) separates firms as constrained or unconstrained based on their access to credit. The cut-off value depends positively on financial market conditions and negatively on the elasticity of production with respect to the prepaid input.
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Proposition 1: Credit constrained firms employ labor less than unconstrained firms do.
Proof: The higher WCR raises the shadow price of credit, which makes labor more expensive because of its stronger dependency on credit. Firms with lower WCR, compared to their cut-off 1 This study investigates a complementary mechanism through which working capital causes real effects. To this end, we avoid details of other markets frictions.
2 The two-phase decision-making is similar to the Putty-Clay model where substitution between capital and labor is feasible based on the exante production technology, but after installation of the capital, the technology is Leontief. This creates a link between capacity utilization and changes in employment and output (Gilchrist and Williams, 1998) . 3 The cut-off value is equal for all firms because of assumed similarities, e.g., all firms experience the same financial market conditions and production functions. , which is less than the former by
Considering labor demand as a function of capital, firms maximize their expected profit with respect to capital as follow:
gives an optimal level of capital for all firms as
is the hired level of capital in a frictionless economy, and uncertainty effect, 
Departures from the hypothesis of complete financial markets create a channel through which uncertainty affects firms regardless of their access to finance. Once uncertainty rises, the probability of limited credit constraint increases and input demands and production drop (similar to Arellano, Bai, & Kehoe, 2012) . Therefore, without referring to the risk-aversion behavior of the firms, uncertainty may affect production in both micro and macro levels. This inference is compatible with recent trends in the literature. Caldara, Fuentes-Albero, Gilchrist, and Zakrajsek (2016) provide evidences of the large impact of uncertainty shocks on GDP when the shock transmits through the financial channel.
Realizing their access to finance, firms set their production levels via equation 3. Proposition 2 investigates responses of production to changes in WCR and financial market conditions:
1 Sun and Wang (2015) show firms spending more on working capital have less money on hand, and face credit constraints. 2 As mentioned by David et al. (2014) , macroeconomic variables generally fluctuate as result of exogenous shocks. To analyze the effect of uncertainty shocks, we consider changes in the variance rather than in the level of those exogenous variables.
3 All statements hold true regardless of the distribution function, though the functional form of F must be specified for the part ii. Results also hold true for Pareto distribution. Proofs are available on request. 
ii. Higher WCU increases the likelihood of being constrained, and because of that the expected profit, the hired level of inputs and production decreases among all producers:
iii. An improvement in financial market conditions mitigates severity of financial constraint from three paths. Since higher decreases the probability of being constrained, expected profit rises and firms increase their capacity by hiring more capital. Besides, fewer numbers of firms confront financial constraint. Moreover, capacity utilization of constrained firms increases resulting from higher access to finance:
1 See Proposition 3 for more details.
However, not all firms benefit in the same way from improvements in the financial market conditions. A higher affects all unconstrained firms equally through the uncertainty effect regardless of their WCR. Since higher WCR increases constrained firms' limitation to use their capacity, the impact of on production magnifies in these firms:
Firms reduce their ex-ante investment in the non-prepaid input when WCU rises. Whereas in response to WCR shocks, they decrease their use of prepaid inputs. However, the main mechanism that introduces heterogeneous production in our study arises because the firms' capacity utilization varies with their access to finance, as mentioned in Proposition 3. 
The variation of capital (capacity) utilization with financial market conditions, Proposition 3, is documented in the literature. Ottonello (2014) explains that after a financial contraction, capital utilization decreases based on the key assumption that physical capital is traded in a decentralized market with search frictions. Introducing a different source of capacity utilization. We provide a complementary channel through which financial shocks influence capacity utilization because of unexpected changes in the first and second moments of working capital, respectably.
However, the effects are broader than variations in the firm-level performance. The aggregate consequences of binding borrowing constraint influence total production, :
Affected by uncertainty and aggregate binding effects, the aggregate production level is lower compared with a frictionless economy, where the difference is decreasing by an improvement in financial market status, and less uncertainty about working capital.
The above expression asserts that interaction of WCR and financial friction affects aggregate production not only because of the lower levels of prepaid inputs, but because of the capacity utilization and input allocations among firms. Accordingly, the aggregate TFP (ATFP) is affected resulting from the lower efficiency of utilizing inputs among firms:
ATFP is measured by aggregate output relative to a geometrically weighted average of aggregate labor and capital inputs (Gilchrist, Sim, & Zakrajsek, 2013) . We show that the misallocation of inputs makes ATFP lower compare to the aggregate productivity level. It rises with an improvement in financial market conditions and decreases with WCU. Appendix A provides technical.
Briefly, based on mentioned arguments, our study is closely related and complementary to the growing literature that explores the link between allocation of resources across firms and measured ATFP, according to the role of financial frictions by, e.g., Gilchrist et al. (2013) and Midrigan and Xu (2014) . The worsening of financial market conditions reduces aggregate production level in two ways. The first impact influences all firms by increasing the probability of being constrained, and the second solely affects constrained firms by decreasing capacity utilization. As a result, misallocation of inputs among constrained and unconstrained firms acts as a source of change in the ATFP. Furthermore, our analysis provides a complementary narrative about the observed decline in ATFP after a contraction in financial markets based on capacity underutilization.
Empirical Study
In this section, we test the firm-level predictions of the model developed in the previous section using a panel database of Iranian manufacturing firms. We estimate the reduced form equations of our theoretical model to illustrate the real impacts of changes in the first and second moments of working capital requirements. Because of the lack of representation of the entire industry, we confine our empirical assessment to our theoretical findings that holds only at the micro level.
Hypothesis Building
The hypotheses to be tested are as follows:
− Hypothesis 1: Higher WCR is associated with lower employment of prepaid inputs in constrained firms, though unconstrained firms do not vary their demand by WCR.
− Hypothesis 2: Production declines in constrained firms as their needs for working capital rise. However, unconstrained firms' production do not vary with WCR.
− Hypothesis 3: While in unconstrained firms, capacity utilization does not change with WCR, the opposite is true for constrained firms.
− Hypothesis 4: Production declines as firms confront with higher WCU.
We explain the mapping from model to the data by describing the main variables:
1 Working capital requirement: we construct a firm-level measure of WCR by the concept of days inventory outstanding (DIO), which is adopted by Raddatz (2006) , Tong and Wei (2011) and Claessens et al. (2012) . The DIO is the ratio of the end period raw materials inventory to the sale, which indicates on average how long it takes a firm turns its inventory into sales. We assume that the intrinsic liquidity need for the working capital is indebted to operational reasons, such as the length of time in the production process, the mode of operation, and trade credit conditions. A longer DIO is also interpretable as a higher prepayment for inputs because firms must pay for inputs during the operation cycle when their revenues are not realized. We quantify WCR by calculating the median of the previous values of DIO for each observation. We use an alternative index, median lag of previous values of raw inventories to cost of goods sold, for the robustness checks in Section 3.4.3.
Working capital uncertainty: there are three roots of uncertainty about working capital: the share of prepayments, volatility in prices and changes in the time schedule of cash flows, which has so far been summarized in uncertainty about the share of prepayment. However, the only available data are price volatility and the dispersion of WCR among firms. To construct the WCU, firms are classified based on their size and industry in every year. We consider the standard deviation of DIO in each group as the main WCU index for all group members. Another proxy, constructed based on the volatility of relative wage and price, is used for the robustness tests in Section 3.4.3.
Employment of prepaid inputs: based on contract conditions in Iran, labor is paid monthly, while the average time of DIO from Table 1 is about 0.16 of year, less than 2 months. However, payments to shareholders usually occur yearly because of observations from the listed companies on the Tehran Stock Exchange. These observations encourage us to select labor and materials as prepaid inputs, which is also similar to studies by Chari et al. (2007) , Mendoza (2010) , and Dong (2014) .
The cost of material 1 per unit of capital stock is our main proxy for prepaid inputs. We use the alternative index, real wage to capital, in the robustness estimations in Section 3.4.3.
Capacity utilization: in a situation where it is costly to adjust capital, firms try to change the scale of production. For example, a firm might use its capital less to decrease depreciation. A common method of considering this change in capacity utilization, as mentioned by Burnside, Eichenbaum, and Rebelo (1995) and Oberfield (2013) , is using energy consumption as a proxy for capital services.
We assume that for a given set of prices, the benchmark ratio of energy to capital 2 is defined by the firm's technology. With some simple assumptions discussed in Oberfield (2013) , any deviation from the benchmark ratio can be a sign of changes in capacity utilization. Based on this concept, we construct a capacity utilization index using the amount of fuel usage by firms 3 . The index is the ratio of the firms' British thermal units 4 (Btu) to capital stock divided by the benchmark value.
For each firm, the median of Btu to capital is considered the benchmark. The results are robust to alternative index, constructed based on electricity usage in Section 3.4.
Production index: we assume that firms are similar, except in their WCR. Consequently, to test the hypothesis about investigating the real impacts of WCR, we must control for other sources of variation in the firm's production level. Therefore, the residuals of the estimated production function are used as the production index. We apply the method of Blundell and Bond (2000) to estimate the production function and then use the residuals to compute adjusted production. Real sales to capital is our alternative index.
Financial constraint index: although our database is rich in real variables, it contains a few financial variables. While we are unable to compute the common continuous indices, we use the ex-ante classification, which is customary since Fazzari and Petersen (1993) . Financial constrained firms have fewer opportunities to invest in raw materials, because they must spend available financial resources to fulfill other current expenditures or expired payables. 1 Therefore, we expect that after controlling for the industry fixed effects, a firm with a larger inventory of raw materials should be less constrained compared to one with a lower inventory. This method provides a timevariant firm-specific dummy variable for financial constraint, which fits the purpose.
Thus, we compute the scaled 2 growth rate of the inventory of raw materials and sort firms based on it. For each year, we mark three quarters 3 of firms with the lower-scaled growth rate as potentially constrained and the rest as potentially unconstrained2 6 F 4 . This method gives us a timevariant firm-specific dummy variable for financial constraint. The results are robust to alternative index, the correlation of production index with loan-to-value-added in the industry sector.
Data and summary statistics
To show how the interaction of the firm needs for working capital and financial friction creates Besides the detailed firm-level information of our database, the dominant form of financial frictions in Iran encourages us to select this country to test our theory and evaluate its importance. 1 The idea is proposed and tested in literature from Kashyap et al. (1994) . 2 For each year, firms are classified based on their size and industry. The growth rate of inventory in each group is considered as the benchmark growth rate for group members, and the scaled growth rate of inventory is the firm's growth rate minus the benchmark value.
3 We repeat the exercise with different thresholds of 80, 66, 50 and 30 percent. The results of the first two were the same as reported regression. However, limiting the share of potentially constrained firms less than 50 percent present signs of mixing up two groups of firms. It could be a signal that more than half of the observations are financially constrained. The results are available in Table D1 of Appendix D.
4 Mahmoudzadeh et al. (2016) construct a time-variant firm-specific financial constraint index by estimating the investment Euler equation and show that more than 80 percent of listed companies in Tehran Stock Exchange face credit constraint. The authors discuss that Iran has a bank-based financial market; more than 90 percent of official external finance is provided by the banking system. Thus, any contraction in credit access translates to a decrease in available financial resources. Moreover, financial repression imposed by government increases credit demand. 5 The data on manufacturing enterprises with 10 to 49 workers for 14 of 31 provinces are collected by a sampling method, and the data related to the remaining provinces as well as manufacturing enterprises with 50+ workers are collected through a census. Sampling fraction is about 77 percent. Although firms are not identifiable, almost all enterprises belong to one-enterprise firms. More information is available on: http://www.amar.org.ir/Default.aspx?tabid=133.
According to Mahmoudzadeh et al. (2016) , financial repression, lack of contract enforcement, and weakness of secured lending and credit rating institutions lead Iranian banks to prefer quantity to price adjustments in loan contracts. This is compatible with the described situation in our analytical part. Furthermore, firms in developing countries like Iran have higher working capital needs relative to their rivals in the developed economies because of the status of macroeconomic and infrastructures (Chan, 2014) . . DIO is the ratio of inventory of raw materials to sales. WCR is the median of lags of DIO. WCU Dispersion is the standard deviation of DIO among firms who are in the same industry and size group. WCU Price is a weighted average of price and wage volatility. Production BB is the residual of an estimated production function using Blundell and Bond method. Sales/K is real sales per unit of capital. CU Btu (electricity) is the index for capacity utilization based on Btu (electricity) usage. Materials/K is the average expenditure of materials per unit of capital. Wage/K is the real wage per unit of capital. Z Raw presents the z-score of scaled growth rate of raw materials for each observation. ZCorr is the z-score of correlation between Prod BB and financial market conditions for each firm. Growth_Ind is the real growth rate of value-added in each industry. Inflation_Ind is the inflation rate of production price index (PPI) for each industry. WCR_Ind is ratio of sum of raw materials inventories to sum of sales for all firms in each industry. See the definition details in Section 3.2 and Appendix B. WCR is the median of lags of DIO, the ratio of the inventory of raw materials to sales. The proxy for WCU is WCU_Dispersion, the standard deviation of DIO among firms who are in the same industry and size group. Employment of the prepaid input is measured by the average expenditure of materials per unit of capital. CU_Btu is capacity utilization index based on Btu usage. Production-BB is the production index, the residual of an estimated production function using the Blundell and Bond method. See the details of definitions in Section 3.2 and Appendix B. 
Estimation
We estimate the following reduced form regression equation, where subscripts , , and refer to firm, industry, and time, respectively. Firm and time fixed effects and the vector of industry control variables are indicated by , , and , . , contains industry's growth, inflation and working capital requirement.
Based on our hypotheses about WCR impact on firms' performance variables (Hypotheses 1 to 3), the expected sign of 1 in the equation 11 is negative. Regarding the negative effect of WCU on production, mentioned in Hypothesis 4, the expected sign of 2 is also negative. To test our hypothesis about the different impacts of WCR on the constrained and unconstrained firms, we use two methods. First, we consider the interaction term between dummies for potentially unconstrained firms and performance measures, with an expected positive sign. Second, we estimate separate regressions for constrained and unconstrained firms. To have compatible results with our theoretical model, the absolute value of 1 among potentially unconstrained firms must not be significantly greater than 1 among potentially constrained firms.
To estimate Eq. 11, we need to take care of endogeneity of WCR and WCU, for which we apply the following methods. We use the fixed effect (FE) estimation to control for the time-invariant characteristics of firms, and the robust standard errors to consider heteroscedasticity and serial correlation of error terms. WCU is constructed at the industry-level, so it is exogenous for the firms.
To manage the possible simultaneity bias problem, we define WCR as the median of lagged values of DIO. Compared to indices based on average, median mitigates the impact of last observations on the index. Our introduced measure may also address concerns about lowfrequency shocks that alternate the demand for firms. The richness of our database allows constructing DIO based on raw materials instead of total inventories, which consequently reduces our concerns about low-frequency shocks from two points of view. First, we avoid using the inventory of work in process and finished goods, which are both more sensitive to demand shocks compared to the inventory of raw materials. In the framework of (s, S) inventory behavioral modes, fixed costs prevent continuous ordering of raw materials. This strategy of inventory managing reduces the correlation of raw materials and performance measures, e.g. production and employment. 2) Owing to the annual frequency of our data, the recognizable demand shock occurs per 12 months. However, the average duration of DIO is around two months from Table 1 . This considerable difference weakens the relation between previous realizations of low frequency shocks and current WCR index, since the raw materials inventory circles about six times after any observed demand shock. To address the remaining concerns about endogeneity of the WCR index, we apply IV estimation in Section 3.4.2.
Considering these points, we design three main specifications for Eq. 11 reported in blocks of This specification that includes firms fixed effects and industry by period dummies is robust to all unobserved permanent determinants of firms' performance, all unobserved transitory factors common to potentially constrained and unconstrained firms within an industry, and all unobserved industry-specific shocks to performance.
Employment of prepaid inputs
We first test validity of Hypothesis 1, which claims higher requirement for working capital limits the employment of prepaid inputs in the constrained firms. In Table 2 -Block 1, the dependent variable is materials expenditure per unit of capital. We start with Panel A with WCR as coefficient of interest. Column 1 demonstrates a significantly negative relation between WCR and cost of materials. This might be a sign of high share of constrained firms, since our theory predicts the negative relation among constrained firms.
To validate the hypothesis that the negative relation between WCR and performance variables comes from constrained firms, we construct a dummy variable for being unconstrained based on firms' scaled growth rates of raw materials. The interaction of WCR and the financially unconstrained dummy variable appears in column 2. The WCR negative impact on materials expenditure remains unaffected, and the coefficient of the interaction term is significantly positive, which indicates that the mentioned negative relation is significantly weaker among potentially unconstrained firms. To verify this result, we estimate the Eq. 11 on the potentially constrained and unconstrained firms separately in columns 3 and 4. We find that expectedly, the coefficient of WCR is significantly negative in column 3, and is insignificant among potentially unconstrained firms, which confirms our results in column 1.
Panels B and C of Table 2 have the same variables and structure as Panel A. In Panel B- Table   2 , we control for the lag of Materials/K. In Panel C, we replace industrial control variables and year fixed effects with industry-year dummies. Comparing the outcomes in panels B and C with Panel A, we find that main results about WCR are robust to variation in control variables. The findings of Table2-Block 1 conform to Hypothesis 1, that the ex-post effect of a working capital shock is a decline in the employment of prepaid inputs.
Though the impact of WCU on hiring of prepaid input is not part of the model, we consider it as an explanatory variable to investigate the empirical co-movements. The negative and significant coefficients of WCU in Panels A-C reveal that firms decrease their expenditure for materials when facing with higher uncertainty about working capital.
Production
Table 2-Block 2 reports the impact of WCR and WCU on production, in line with Hypotheses 2
and 4. Column 1 shows a significantly negative relation between production index and WCR, which indicates that firms with higher needs for working capital produce less. Which is consistent with studies that document the general effect of working capital on firm size, e.g., Uyar (2009).
Our study singles out the role of financial constraint. Based on Proposition 2(i), we expect no association between WCR and production in unconstrained firms. The positive and significant coefficient of interaction term between WCR and dummy variable for being financially unconstrained demonstrates that the negative impact of WCR on production is weaker when firms do not confront credit constraint. The comparison of coefficient of WCR in columns 3 and 4 reveals that WCR can only explain production variation in potentially constrained firms.
Hypothesis 4 predicts a negative relation between uncertainty about working capital and production in both groups of constrained and unconstrained firms. WCU has a negative significant effect on production based on columns 1 to 3, which provides compatible findings among all and potentially constrained firms. The fact that WCU just affects production in the potentially constrained firms may be a result of dynamic decision-making process which is not captured in our static model. 
Panels B and C of

Capacity utilization
To the best of our knowledge, theoretical and empirical relations between capacity utilization and working capital have not been mentioned in the literature. Block 3 of Table 2 validates the empirical merits of Hypothesis 3 where capacity utilization of the constrained firms fall as WCR rises. Negative and significant coefficients of WCR in columns 1 to 2 suggest that typically higher working capital decreases firms' capacity utilization. However, given column 4, the capacity 19 (2000)'s method. CU_Btu is the capacity utilization of firms based on Btu usage. WCR is the median of lags of DIO (the inventory of raw materials to sales). WCU is the standard deviation of DIO among firms who are in the same industry and size group. Pot. Constrained is a dummy variable for potentially unconstrained firms whose scaled growth rates of raw inventory is above 75 percent of observations. The remaining observations are considered to be potentially constrained. Industrial variables contain real growth of value-added, inflation, and WCR for industries defined at the 2-digit ISIC level. Columns (1) and (2) report the estimation results for the full sample. Columns (3) and (4) respectively report regression results on the selected samples of potentially constrained and potentially unconstrained firms. All panels use the fixed effect method, Panel B contains lag of dependent variable as explanatory variable. In Panel C, industrial control variables (industry's growth, inflation and WCR) and year fixed effects are replaced with industry-year dummies, and *** denotes 1% significance, ** 5% significance, and * 10% significance.
utilization of potentially unconstrained firms does not vary with WCR. These findings are compatible with our inference in Hypothesis 3. This result is repeated in Panels B and C where lag of dependent variable and industry-year dummies were added correspondingly. The significant and negative sign of WCU in all regressions indicates that capacity utilization decreases when there is more uncertainty about working capital.
Robustness of results
This section provides robustness checks with respect to alternative definitions of dependent and explanatory variables and the estimation method. In Table 3 , we inspect the strength of empirical findings by changing the definition of firms' performance measures. Table 4 reports the robustness tests with respect to alternative definitions of WCR, WCU, financial constraint, and IVs for WCR.
Firms' performance measures
Table 3 presents our assessments, using new indices for prepaid input, production, and capacity utilization as the dependent variables, respectively in Blocks -3. To measure the labor, we count the firm's labor cost, wage and nonwage bills, rather than its employment .The labor index is the ratio of real wage to capital, similar to what Hsieh and Klenow (2009) proposed. In Panels A to C, the effect of WCR on scaled real wage is significantly negative and more severe among potentially constrained firms as mentioned in Hypothesis 1 1 . However, the difference behavior of constrained and uncontained firms is only significantly observable by separating these two groups.
Block 2 presents our investigation of the impact of WCR and WCU on production, when we use real sale per capital as our measure. ُ The findings are compatible with Hypotheses 2 and 4.
Block 3 uses an alternative definition for the capacity utilization, by dividing the ratio of the firms' electricity usage to capital stock by the benchmark value. For each firm, we use the median of electricity to capital as the benchmark. Although, WCR is not significant in columns 1 and 2, it explains variations of capacity utilization among constrained firms (column 5), which is compatible with our main prediction from Hypothesis 3. The inference of this hypothesis is that capacity utilization of unconstrained firm decreases as its prerequisites for prepayments increase.
Instrument variables for WCR
As mentioned in Section 3.2, firm-specific low-frequency shocks may cause a spurious empirical relation between WCR and firms' performance measures. We consider this problem by defining the WCR as the median of previous values of DIO and by defining DIO based on raw materials, which is less sensitive to demand shocks compare to total inventories. To address the remaining concerns about endogeneity of the WCR index, we apply IV estimation 1 . We introduce the producer price index (PPI) and Industry's WCR as instruments for DIO. We assume that the average ratio of raw materials inventory to sales among firms that are in the same industry is a suitable index for the intrinsic needs of working capital. Panel A of Table 4 reports the IV estimation results, which are almost similar to those of Table 2 . We find that using IVs for the concept of WCR does not change the negative significant correlation of WCR with performance measures, compatible with Hypotheses 1-3.
Alternative definitions for WCR, WCU, and financial constraint
Panel B of Table 4 demonstrates that an alternation in the definition of WCR does not affect our empirical evidence about the negative impact of WCR and WCU on the employment of prepaid inputs, production, and capacity utilization. In this panel, WCR is measured as the median of lag values of DOI, the ratio of raw materials inventory to the cost of goods sold. In Table 2 , DOI is as ratio of raw materials inventory to sales. By this alternative definition, which is common in the accounting literature, we also control for changes in the firms' markups.
In Panel C, we introduce an alternative definition for WCU constructed based on the volatility of input prices. For the indices of industry's relative price and wage, the standard deviations of observations in each year are computed as the uncertainty index about materials and wage expenditure. 2 We compute a weighted average of these uncertainty indices based on the benchmark share of materials and wages in each group.
Panel D shows the results of a new classification of constrained firms 3 . The production level of financially constrained firms commoves with their access to external finance, since access to credit releases their constraint and lack of loans distorts their production. Consequently, we expect a positive correlation between productions of these firms with financial access. We assume that the variation in the loan to the value of industrial sector is a suitable proxy for firms' access to finance.
Correlation of the production index with loan to value added in the industry sector is our alternative classification index. We mark the three fourth of firms with the higher correlation as potentially 1 The endogeneity C-test, suggested by Baum et al. (2003) , does not reject the null hypothesis that WCR_Med can be treated as exogenous. However, we report the results of using industry's WCR and PPI as IVs for DIO. Test results are available upon request.
2 While firms transfer part of their input price variation to their sale price, uncertainty is computed based on relative price of input. Appendix B provides details of industry's relative price, wage, and the assigned weights.
3 Dummies for unconstrained firms in the first and new classifications predict the same status for the firms with probability of 75 percent.
constrained and the rest as potentially unconstrained. This method provides a firm-specific dummy variable for financial constraint.
Block 1 of Table 4 confirms our findings of the previous section about negative relations between WCR and employment of prepaid input among potentially constrained firms. Moreover, the outcomes approve insignificant correlation between these variables among unconstrained firms.
Block 2 of Table 4 reports the robustness test with respect to production as a performance measure. The outcomes of Panels B and C are compatible with our hypotheses about the influence of the first and second moments of WCR on the production index. In all panels, the estimated coefficients in columns 3 and 4 show that in general firms with higher needs for working capital produce less.
From Hypothesis 4, we expect a negative relation between WCU and production; except for Panel A, the coefficient of WCU is significantly negative in these specifications. Block 3 of Table   4 provides robustness checks of the impact of WCR on capacity utilization. The negative impact of WCR on capacity utilization does not change in either panel. This negative impact is more pronounced in potentially constrained firms, as projected in Hypothesis 3.
Based on the results of Tables 3 and 4 , we can conclude that in general, empirical findings in support of our theoretical predictions about the negative impact of WCR on performance measures and negative influence of uncertainty on production are robust to changes in the definition of variables, financial constraint classification, and estimation methods. Columns report the result of regressing performance measures on WCR, WCU, and control variables. Wage/K is the real wage per unit of capital. Sales/K is the real sales per unit of capital. CU_Electricity is the capacity utilization of firms based on electricity usage. WCR is the median of lags of DIO (the inventory of raw materials to sales). WCU is the standard deviation of DIO among firms who are in the same industry and size group. Pot. Constrained is a dummy variable for potentially unconstrained firms whose production index correlation with industry's loan to value is less the 75 percent of observations. The remaining observations are considered to be potentially constrained. Industrial variables contain real growth of value-added, inflation and WCR for industries defined at the 2-digit ISIC level. Columns (1) and (2) report the estimation results for the full sample. Columns (3) and (4) respectively report regression results on the selected sample of potentially constrained and potentially unconstrained firms. All panels use the fixed effect method, Panel B contains lag of dependent variable as explanatory variable. In Panel C, industrial control variables (industry's growth, inflation and WCR) and year fixed effects are replaced with industry-year dummies, and *** denotes 1% significance, ** 5% significance, and * 10% significance. (1) and (2) report the estimation results for the full sample. Columns (3) and (4) respectively report regression results on the selected sample of potentially constrained and potentially unconstrained firms. All panels use the fixed effect method, controls for firm and year fixed effects and industry level variables (industry's growth, inflation and WCR). Panel A uses PPI and industry-level WCR as IVs for DIO. Panel B uses the alternative definition of WCR, where WCR is the median of lags of DIO' (the inventory of raw materials to cost of goods sold). Panel B use the alternative definition of WCU, where WCU_Price is a weighted average of price and wage volatility. Panel D uses the alternative definition for financially unconstrained firms, where Pot. Constrained is a dummy variable for potentially unconstrained firms, defined as firms with lo whose scaled growth rates of raw inventory is above 75 percent of observations. The remaining observations are considered to be potentially constrained and *** denotes 1% significance, ** 5% significance and, * 10% significance. For more details, see the note of Table2.
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Access to working capital is inevitable for production when the time mismatch between realization of payments and incomes is significant. While the main part of the literature emphasizes the first order impacts of working capital requirement activated by changes in the relative price of inputs, this paper concentrates on the real consequences of variations in the first and second moments of WCR in the presence of financial frictions. This paper links imperfect information about working capital requirement to the capacity utilization and consequently to the aggregate total factor productivity. The distinction here is that firms choose capital under limited information about the fraction of prepayment to prepaid input, while the ability to receive working capital loan is restricted through the limited enforceability of debt contracts.
Based on interaction of uncertain WCR and borrowing constraint, we introduce two mechanisms in our model. First, the probability of facing with high liquidity requirements and being financially constrained decreases the expected marginal product of capital and acts as a capital wedge. This effect would influence firms such that, they decrease their ex-ante investment of non-prepaid input, regardless of their degree of risk aversion. Second, the shadow prices of credit for constrained firms act as a labor wedge and changes the relative price of labor even in the interest rate-free context. This binding effect causes capacity underutilization among firms that reach credit ceiling and decreases their ex-post demand for prepaid inputs.
To assess the empirical merits of our theoretical predictions, we use the detailed panel database from Iran as a developing country, and a financial sector structure well matched with our theory. Based on the firm-level data from "Annual Survey of Iranian Manufacturing Enterprises" during 2005 to 2011, we verify the model predictions against observed regularities. We show that compatible with our propositions, the employment of prepaid inputs, production and capacity utilization are lower in firms with higher needs for working capital. This behavior is an outcome of the negative relations of WCR and performance in financially constrained firms. Furthermore, being more uncertain about working capital, firms decrease their production level. Our findings are robust with respect to changes in definitions of WCR and WCU, definition of constrained firms, performance measures, and estimation method.
Our model provides a proper framework to compare the impact of WCR on production in different levels of financial market conditions. Although the model clarifies the relation between 26 working capital requirement and production level, future studies might address a number of limitations that exist in our research. First, we do not specify sources of heterogeneity in the working capital requirement. Moreover, since we have assumed a concave production technology, we have not considered the impact of non-convexities in production, e.g., via fixed costs or other indivisibilities. A dynamic model can explain additional mechanisms that may arise by uncertainties about working capital through investment. Lastly, we do not consider the effect of wealth accumulation by firms. Access to an internal source of fund, weakens the impacts originated by the lack of working capital loan. Investigating the real effects of uncertainty about working capital in a dynamic model may empower us to explain the observed empirical relations between WCU and firms' performance.
Appendix A: Proof Details
Lemma A1: There is a cut-off value for WCR (µ �) equal to ε β ⁄ across all firms, which differentiates constrained and unconstrained firms 1 .
Proof of Lemma A1:
From problem 1 the first order condition with respect to ℎ and Kahn-Taker condition for credit constraint are:
When WCR is greater than , the firm faces credit constraint and positive shadow price of credit, . 
Lemma A2: Uncertainty effect (i) lowers inputs demand as compared with a frictionless economy (UE < 1). This effect (ii) raised by financial market inefficiency (
Proof of Lemma A2:
When there is uncertainty about WCR, firms' problem can be rewritten as problem 2. Producers decide about capital based on the expected profit at first, and then choose labor after realization of WCR. By rearranging the expressions of problem 2 we have:
We assume that ̅ < . Otherwise, credit constraint is never binding, which is not compatible with stylized facts of macro-finance literature. 2 All statements hold true regardless of the distribution, though functional form of F must be specified for section (iii). We solve the model for Pareto distribution, which does not change the results. Main findings are robust and proofs are available upon request.
The first order condition of the mentioned problem with respect to is:
which can be solved for the optimal level of capital.
The characteristics of are as follow:
i.
ii.
iii.
The first expression is equal to zero due to the following rule about moments of normal distribution:
Hence, is reduced just to the second expression. The sign of depends on the sign
], which must be examined based on the relative size of ̅ to ( ± ), which are the roots of
]. In parts a to c we explore all possible cases and show that this expression is always positive.
a.
By the assumption of normal distribution for WCR, with Φ as CDF and as PDF, we can write:
To compute above equation, consider that under the assumption of ~(0,1), we can calculate ∫ �.
Thus, based on the negative sign of in cases a to c, the derivative of uncertainty effect with respect to variance is negative.
Proof of Proposition 2:
To compute production derivatives, based on Eq. 3, � , � is:
Where the first part,
� � � � � �, is equal to the logarithm of firm's production level in a frictionless economy, and does not change with financial market conditions and WCR.
Proof of Proposition 3:
We can easily show that marginal productivity of capital is lower for constrained firms owing to lower level of employment. 
The profit function is: need for working capital causes a loss; however, these firms do not exit from the market since the loss is less than the capital rent. 
Proof of Lemma A3:
It is easy to show that aggregate production in a frictionless economy is equal to [ � � � � ]
iii. The steps of demonstrating that aggregate binding effect is a decreasing function in uncertainty ( < 0), is just similar to < 0 , mentioned in the part iii of Proposition 2.
Lemma A4:
i. ATFP differs from aggregate productivity level due to misallocation of inputs.
ii. ATFP rises with an improvement in financial market conditions (
iii. ATFP decreases with WCU (
Proof of Lemma A4:
Aggregate labor and capital inputs are defined as follows:
, thus:
of dependent variable as instruments for the difference equation. In addition, we use the time dummies and sectors' inflation as instruments for the difference and level equations.
As the estimation was in logarithmic form, we introduce the exponential form of estimated residuals as the production index.
Sales/K:
We use real sale per capital as an alternative measure that represents firm's activity. To consider the level of firm's size on sales, we divide the real sales (deflated with PPI in the 2-digit industry) with capital.
Working Capital Requirement (WCR)
We construct a firm-level measure of WCR by the concept of days inventory outstanding (DIO), the ratio of the end of period raw materials inventory to the sale, which indicates how many times on average, a firm turns its inventory into sales. To solve the endogeneity problem that may arise by using the current value of DIO as an independent variable in firms' performance regression, we quantify WCR as the median of previous values of DIO, for each firm-year,
As an alternative index, WCR is defined as the median of lag values of DOI'. DOI' is the ratio of raw materials inventory to the cost of goods sold. By this alternative definition, which is common in accounting literature, we have also controlled for changes in the firms' markups.
Industry's WCR
For each industry-year, the ratio of total raw materials to total sales is considered as WCR in the industry level.
Industry's Relative Price
To construct the input prices for the 2-digit industries 1 , we compute the weighted average price of all activities that are considered as inputs for an industry in the Input-Output 
The raw materials and fuel costs divided by capital stock is our main proxy that displays the employed level of prepaid inputs. We deflate the numerator with industry's input price index.
1 This survey includes about 2000 large enterprises with more than 100 workers. Though our panel dataset is composed of enterprises with 10 or more workers, the only available wage index with higher frequency than annual is the one extracted from Large Manufacturing Enterprises Survey.
2 Size groups are defined based on number of workers. Firms with 10-49, 50-399 and more than 400 workers are considered as small, medium and large, respectively.
3 Wage consists of wage and non-wage payments to workers.
Wage/K:
To measure the labor input, we count the firms' labor cost, consists of wage and nonwage bills, rather than its employment, as mentioned by Hsieh and Klenow (2009) . The index is the ratio of real wage to capital. To deflate the wage, we use the wage price index from Central Bank of Iran.
Capacity Utilization
1. CU_Btu: Capacity utilization index is constructed by dividing the ratio of the firms'
Btu usage to capital stock to the benchmark value. For each firm, the median of Btu usage to capital is considered as the benchmark.
CU_Electricity:
We scaled the ratio of the firms' Electricity usage to capital stock to the benchmark value. For each firm, the median of Electricity usage to capital is considered as the benchmark.
Financial Constraint Index
While we are not able to compute the common continuous indexes, we use the ex-ante classification of the observations based on two specified characteristics of constrained firms.
1. Firms are sorted based on the scaled growth rate on raw materials inventory. For each year, we mark three quarters of firms with the lower normal growth rate as potentially constrained and the rest as potentially unconstrained. This method gives us a time-variant firm specific dummy variable for financial constraint.
2. We assume that variation in the loan to the value of industrial sector is a suitable proxy for firms' variation in access to finance. Correlation of production index with loan to value added in the industry sector is our alternative classification index. We mark the three quarter of firms with the higher correlation as potentially constrained and the rest as potentially unconstrained. This method provides us a firm-specific dummy variable for financially constrained.
Industry's Real Sales Growth Rate
We consider the growth rate of total sales of industry computed from Annual Survey of Iranian Manufacturing Enterprises, deflated by the proper PPI, as industry's real sale growth rate.
Industry's Inflation
The growth rate of proper PPI deflator for the 2-digit industry from the Central bank of Iran is used as an index for industry inflation. Notes: Columns report the results of FE regressing performance measures on WCR, WCU, and control variables. DUM_PU is a dummy variable for potentially unconstrained firms whose scaled growth rates of raw inventory is above 50, 66 and 80 percent of observations. The rest observations are considered as potentially constrained. Industrial variables contain real growth of value-added, inflation, and WCR for industries defined at the 2-digit ISIC level. *** denotes 1% significance, ** 5% significance and * 10% significance. For more details see the note of Table 2 . Table D1 shows that changes in the thresholds of defining potentially unconstrained firms do not change our main findings about the negative impact of WCR and WCU on the performance of constrained firms. Nevertheless, when the share of potentially constrained firms is less than 50%, the coefficient of WCR is significant, even among potentially unconstrained firms. However, the impact is weaker compared to potentially constrained ones. Table 2 . *** denotes 1% significance, ** 5% significance and * 10% significance.
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